Post-mortem muscle temperature affects the rate of decline in pH in a linear manner from 37.5 °C down near 0 °C, and this pH decline is correlated with the enzymatic degradation of glycogen to lactate. This transformation occurs in an anaerobic context that includes the metabolic splice between glycogenolysis and glycolysis; and both processes are strongly upregulated by AMPK enzyme. In this study we reported changes (0.5 h and 24 h post-mortem) in muscle glycogen concentration, lactate and AMPK activity from 12 samples of Longissimus dorsi from 38 steers that produced high pH (>5.9) and normal pH (<5.8) carcasses at 24 h post-mortem. Moreover, we evaluated changes in AMPK activity in samples from both categories incubated at 37, 25, 17 and 5 °C and supplemented with exogenous glycogen. Finally, we analysed if there were structural differences between polymers from both categories. Our analyses show that enzymatic AMPK activity was significantly higher at 17 °C than at 37 °C or 25 °C (p<0.0001 and p<0.05 in samples from normal and high pH categories, respectively), and was near zero at 5 °C. On the other hand, AMPK activity did not change in relation with excess glycogen and we did not detect structural differences in the polymers present in samples from both categories. We concluded that postmortem AMPK activity level is highly sensitive to temperature and not at in vitro changes in glycogen concentration. Their results suggest that that normal levels of pre-mortem muscle glycogen and an adequate cooling managing of carcasses are relevant to let an efficient glycogenolytic/glycolytic flow required for lactate accumulation and pH decline, trough of post-mortem AMPK signalling pathway.
Introduction
The enzyme that "reads" the energy level in the cellular system is the adenosine monophosphate (AMP)-activated protein kinase (AMPK). This enzyme is a heterotrimeric complex formed by the α (catalytic), β (regulatory) and γ (binding to nucleotides) subunits . Homologous genes of these three subunits are present in all eukaryotic species with sequenced genomes ). The main function described for AMPK is the coordination of metabolic processes (anabolic and catabolic) in various tissues including cardiac and skeletal muscle, adipose tissue, pancreas, liver and brain tissues (Kahn et al, 2005; Ramamurthy and Ronnett, 2006) . AMPK enzyme responds to hormonal, physiological and pathological stimulus, thereby inhibiting adenosine triphosphate (ATP) consumption (anabolic process), and but also activates ATP production (catabolic processes). Hence, consequences of AMPK activation is accompanied by an acute regulation of energy metabolism and chronic changes in gene expression. These changes are accompanied by phosphorylation of several effector proteins that include biosynthetic enzymes, transporters, transcription factors, ion channels and signaling proteins of the cell cycle (Leff, 2003; Hardie, 2004; Hallows, 2005) .
The two isoforms of AMPK catalytic subunits (α1 and α2) are activated by an increase in AMP levels and a fall in ATP levels (e.g. exercise and stress) (Lizcano et al., 2004) . AMPK is also activated by metformin/phenformin, drugs commonly used in the treatment of type II diabetes (Zhou et al., 2001) . In all eukaryotes, the glycogen-binding domain (GBD) contained in beta subunits, causes AMPK complexes to associate with glycogen in cultured cells and cell-free systems (Hudson et al., 2003; Polekhina et al., 2003) .
At a physiological level, nerve and muscle functions in most vertebrates are seriously affected by freezing, to which three stress components have been associated: changes in the cellular ionic, ischemia, and low temperature (Storey and Storey, 2004) (Dalo et al, 1995; Hillman, 1988, Lutz and Reiners, 1997) .
Environmental stress can also modify AMPK activity. Hypoxia and hypothermia in frogs increase the AMPK phosphorylation level and AMPK activity, measured by elongation factor 2 (EF2) phosphorylation (Bartrons et al., 2004) . Effectively, winter survival of hundreds of species depends on freeze tolerance and one of these species (Rana sylvatica) revealed that during in vivo freezing, AMPK enzyme increases its activity (Storey, 2006) . This suggests that AMPK activation (as a key modulator) would facilitate the best adaptation to hypothermia, freezing and thawing.
There are many studies that correlate glycogen content with the regulation of (Nielsen et al., 2002) . In the opposite direction, AMPK has a role in the regulation of glycogen synthesis. Muscle glycogen synthase (mGS) is phosphorylated at site 2 (Ser-7) by AMPK, which inactivates mGS (Carling and Hardie, 1989; Hardie and Sakamoto, 2006) ; however, AMPK promotes glucose uptake and glycogen accumulation in muscle .
Phosphorylation of mGS by AMPK causes a decrease in activity at low
concentrations of the allosteric activator glucose-6-phosphate (Skurat et al., 1994) . These phosphorylation events induced by AICAR treatment in muscle, occur only in wild-type mice, but not in AMPK-2 knockout mice, showing that this site is a physiological target for AMPK (Jorgensen et al., 2004) .
Regarding AMPK/Glycogen interaction, a study from McBride et al., (2009) showed that glycogen inhibits purified AMPK in cell-free assays, by direct action of GBD and that it varies according to the branching content of the glycogen.
Moreover, these authors showed that the oligosaccharides used, are allosteric inhibitors of AMPK that also inhibit phosphorylation and activation by upstream kinases. This suggests that the GBD is a regulatory domain that allows AMPK to act as a glycogen sensor in vivo. More recently, it has been demonstrated that glycogen regulation occurs both in the presence and absence of AMP and is dependent on its binding to the carbohydrate-binding loop of the carbohydratebinding module (CBM) (Scott et al, 2014) .
Some studies have clearly shown that in post-mortem muscles there is a strong correlation between AMPK activation and pH decline, indicating that AMPK regulates glycolysis in post-mortem muscles (Du et al 2007; Shen et al., 2006) . In a murine genetic model, muscle samples from AMPK knockout mice, whether having exercised or not, showed higher ultimate pH, than samples from wild type mice . In porcine longissimus muscle, an earlier and faster activation of AMPK is responsible for lower pH and higher lactic acid levels in PSE (pale, soft exudative) meat (Shen et al, 2006) . In bovine longissimus muscle, we showed that AMPK activity was four time higher in carcasses that experienced a normal decrease in pH at 24 hours. This decline was conditioned by the reserve levels of initial glycogen at moment of slaughter and after the glycogenolytic/glycolytic flow in the L. dorsi muscle (Apaoblaza et al, 2015) . In the same context, there are insufficient data about the changes in post-mortem muscle AMPK activity associated to low temperature decline. The aim of this study was to determine changes in post-mortem AMPK activity due to temperature decline and excess of glycogen level in muscle samples from steer carcasses with normal final pH (<5.8) and high final pH (>5.9).
Material and methods

Animals, slaughter, collection, selection, processing and pH categorization of samples
A total of 12 samples were sub-selected from a group of 38 carcasses previously categorised, selected and analysed in the study of Apaoblaza et al (2015) .
Selected steers were of similar age, had been under the same fattening system and had similar live weights and fatness. They had been transported for 4 h in a single group in the same truck to the slaughterhouse where they were kept in a group, had a pre-slaughter lair age time of 16 h and were all slaughtered on the same day and time. All carcasses were kept in the same cold chamber (T° between 0 and 4 °C). Samples of approx. 1 g were taken from the Longissimus dorsi (LD) muscle of the carcasses (at the level of the 10th rib) and were obtained using a Bergström biopsy needle at 0.5 h post-mortem (T0). These samples were placed in Eppendorf tubes, identified and immediately frozen in liquid nitrogen (−196 °C) and maintained in an ultra-freezer (−80 °C). After 24 h of chilling (0-4 °C), the final temperature (T24) and pH (pH 24) were measured, and a second muscle sample was taken from all carcasses at the same place. Six samples that had a pH 24 N 5.9 (high pH, n=6) and six samples that had a pH 24 b 5.8 (normal pH, n =6) were selected for this study.
Temperature kinetic in carcasses.
To establish the kinetic decline of temperature and pH (initial and final) of the carcasses in the cold chamber from T0 to T24 hours, a thermocouple/ electrode penetration probe with data logger (PCE 228 M, Spain) was connected to each carcass.
Muscle glycogen concentration (MGC) determination
This analysis considered a glycogen purification and enzyme digestion method to obtain glucose (Chan and Exton, 1976) . Briefly, 400 μl of 30% KOH was added to 100 mg of tissue, followed by incubation at 100 °C for 15 min with agitation. A 50 μl sample of each homogenate was placed on a 1 × 1 cm Whatman 31 ET filter paper. A calibration curve with glycogen (2.4 mg/ml) was prepared.
Glycogen was precipitated with 66% cold ethanol for 10 min while stirring. Then, two washes were performed with 66% cold ethanol and the papers were dried to remove ethanol. Afterwards, 1 ml of amyloglucosidase (Sigma, 10113) solution 0.5 mg/ml in 400 mM sodium acetate buffer pH 4.8 was added and was incubated for 2 h at 37 °C in a stirred thermoregulated bath. Afterwards, 50 μl was extracted from each tube for the determination of glucose using the Glucose PAP liquiform kit (Labtest, cat. n. 84) and spectrophotometric assay based glucose oxidase and Trinder reaction, in which the product is a quinoneimine dye, which absorbs maximally at 505 nm (Yasmineh, Caspers, & Theologides, 1992). Finally, it was taken to initial glycogen concentration through stoichiometry. Subsequently, 20 μl of Z-Lyte development solution was added, and samples were incubated for 1 h at room temperature. Finally, 20 μl of stop reagent was added to each well and then the signals of coumarin and fluorescein emission (445 and 520 nm respectively) were measured using the Thermo Scientific Varioskan Flash reader.
Lactate (LA) determination
Protein homogenization and AMPK activity assay
Effect of temperature on AMPK activity
Similar to that described above, for this experiment, treatments consisted in incubation of the samples (both high and low final pH) for 1h at four different temperatures (5 °C, 17 °C, 25 °C and 37 °C) before addition of the stop agent and measure of fluorescein.
Effect of glycogen addition on AMPK activity
Similar to that described above, for this experiment, treatments consisted incubation of the samples (both high and low final pH) for 1h at 17 °C with previous addition or not (control) with 60 mmol/kg, before to addition of the stop agent and measure of fluorescein.
Glycogen analysis
For this analysis, homogenates were processed according to Villarroel-Espíndola et al. (2016) . For the structural study of muscle glycogen from the samples, the spectrophotometric assay described by Krishman (1962) was used. Briefly, Iodine absorption spectra of glycogen are present in the homogenates of both category and time. Total glycogen was isolated from the respective samples by ethanol precipitation before spectrophotometric analysis. As a control, commercial glucose polymers was used, such as muscle glycogen and purified amylopectin.
Statistical analysis
Statistical analyses were performed using one-way ANOVA with post hoc Bonferroni multiple comparison tests. We used GraphPAD (Software for Science) for analysis, and differences were considered significant and highly significant for P values of <0.05 and <0.01, respectively.
Results
Changes in pH, metabolic measure and AMPK activity between categories
Changes in muscular pH, glycogen content, lactate and AMPK activity at 0.5 and 24 hours in carcasses from both pH categories are shown in Table 1 . Regarding final pH, the differences between high and low pH categories were closer to 0.71 pH point (6.44±0.05 vs 5.73±0.03, respectively). Consistent with the final pH, the differences in lactate accumulation at 24 h between high and low pH category were 47% (39.00±0.71 vs 57.43±2.15 mmol/Kg, respectively). Differences in muscle glycogen content present at 0.5 h, a main parameter used to define the pH evolution between high and low pH category were 365% (16.55±0.87 vs 76.94±6.9 mmol/Kg, respectively). Finally, like previous studies (Apaoblaza et al, 2015) , the AMPK activity was higher in the samples categorized as normal final pH than high pH at both 0.5 and at 24 h (680 and 400%, respectively). All data are shown in Table 1 , specifically AMPK activity, corresponding to the analyses carried out at room temperature (17-20 °C) .
Temperature decline and changes in AMPK activity
The cooling rate in the cold chamber of the total carcasses used is shown in Figure 1 . Analysis of the obtained non-linear function identified two components (slopes), the first from 32 to 10 °C (S1: -0.05 °C/min) and second from 10 to 2 °C (S2: -0.01 °C/min). Analyses of enzymatic activity of AMPK consistently showed a greater and sustained AMPK activity in muscle samples from carcasses categorized with normal final pH vs. those with high pH. Values were 680 and 400% at 0.5 and at 24 h, respectively (Table 1 ).
Since enzymatic activity assays were performed at room temperature (approximately 17-20°C) and considering carcasses underwent significant temperature variations in the post-mortem "cooling rate" imposed on cold chamber, we further performed the AMPK activity analysis under three temperature points : 37 °C, 25 °C and 17 °C. Results from this experiment are shown in the Figure 2 .
Analysis of samples obtained from star cooling (0.5 h) and at three temperature analysed confirmed a higher AMPK activity (p <0.0001, n = 6) in samples taken at 0.5 h post-mortem, from carcasses that reached a normal final pH than those with high final pH (Figure 2A ).
In general, AMPK activity at 0.5 h post-mortem did not vary according to temperature. The only exception was the analysis at 17 °C (samples with normal final pH), which showed to be significantly greater (p <0.0001) than at 25º and 37º ( Figure 3A) , and even higher (p <0.0001) with respect to measurements obtained at 17º, 25º and 37º in samples with high final pH (Figure 2A ).
Comparative measurements at 24 h showed the same tendency, although less accentuated, with the novelty that average AMPK activity at 17 °C was significantly higher (p <0.0001, n = 6) in the samples from carcasses with high pH than those measurements made at 25 and 37ºC, in the same category (p <0.05, n = 6). Figure 2B .
To expand the study of the effect of temperature on enzymatic activity of AMPK, a second experiment was performed with the inclusion of a thermal point closer to the final temperature of maintenance in the chamber (5ºC). According to our records, this temperature is reached between 11-12 hours after the carcasses entered the cooling chamber (720 min on the x-axis, Figure 1 Results showed that the enzymatic activity of AMPK did not present changes associated with exogenous glycogen levels in any of the categories (Figure 4 ).
Analysis of glycogen type
In order to evaluate if the glycogen type of samples present structural differences, an analysis of the absorption spectrum of glycogen in the presence of iodine was carried out (Figure 5A and 5B ). Analyses showed that there was no difference between the means detected for glycogen extracted of samples from carcasses with normal and high final pH. Moreover, the obtained wavelengths coincided with those described for muscle glycogen molecules in the presence of potassium iodide, confirming that there were no changes in the three-dimensional configuration of the glycogen molecule, keeping a stable degree of branching in both conditions. This was evident when comparing the absorption spectrum of muscle glycogen purified by precipitation and the absorption profile characteristics of amylopectin, which have a lower degree of branching and have a displacement to the right of the maximum lambda, around 550 nm in Figure 5A . Figure 5A ).
In addition, results confirmed that samples from high final pH group, at 0.5 h, had low levels of glycogen, since when plotting each spectrum only noise is observed (pea green line in Figure 5A ); and a delta of absorbance was close to 10% of glycogen control (brown line in Figure 5A ). Samples taken at 24 h from carcasses with normal pH presented a remarkable reduction in the relative intensities of absorbance, with respect to their basal control (0.5 hours) (light blue and blue lines, respectively, in Figure 5A ).
Discussion
It is known that AMPK is an enzyme activated in response to several stressors.
Recently, a decrease in p-AMPK relative abundance in low pH with lactate conditions was shown in rat cardiomyocytes, as well as a trend towards increased phosphorylation with higher pH (Genders et al, 2019) . Similarly, other authors showed that AMPK activity in cultured cardiomyocytes was suppressed upon acidic treatment but was stimulated upon alkaline treatment (Zhao et al 2016) .
Contrarily, but in post-mortem muscle, analyses of AMPK activity performed by FRET/spectrofluorometric assays, consistently showed a greater and sustained AMPK activity (400%) in muscle samples from carcasses categorized with normal final pH vs those with high pH (Apaoblaza et al, 2015) . Here, a similar difference was found between both pH categories, 630 and 400% according to time evaluated at 0.5 and 24 h, respectively (Table 1) .
Moreover, we showed that pH differences between both categories starting 120 minutes after entering the chamber and the differences between AMPK activity from both pH categories happened much earlier (before 30 minutes), in which the differences in pH there is not get (Galaz, 2014 , Ramírez et al, 2013 ). On the other hand, AMPK activity did not appear to vary when pH declined by1 point (6.73 to 5.73, Table 1) (Storey, 2006) . This suggests that AMPK activation would facilitate adaptation to hypothermia, freezing and thawing.
The decline in pH in skeletal muscles post-mortem is due to the formation of lactate from stored glycogen (Bendall, 1973) . Furthermore, temperature linearly affects the rate of decline in muscle pH in post-mortem samples from body temperature down to 5 °C with a slower rate of decline at progressively lower temperatures (Cassens & Newbold, 1967) . It is interesting that below 5 °C, the effect of temperature on the rate of pH decline is faster than at 5 °C (Cassens & Newbold, 1966) . The primary enzymes that regulate the rate of post-morterm glycolysis in muscle are glycogen phosphorylase (GP) and phosphofructokinase (PFK) (Swatland, 1979) . Effectively, previous works reported by Helmreich and Cori (1965) in living muscle from frog and by Newbold and Scopes (1967) in Ox muscle post-mortem, showed that of the 12 enzyme reactions involved in the conversion of glycogen into lactate; both the phosphorylase and phosphofructokinase reaction are of main importance in the regulation of glycogen breakdown in both conditions (living or post-mortem). Newbold and Scopes (1967) , suggested that the activation of glycolysis below 5°C appears to be due to the greater accumulation of AMP which stimulates glycogenolysis by activating GP b and stimulating PFK in post-mortem muscle.
On the other hand, AMP also is the main and direct activator of AMPK and in post-mortem muscle, and has been showed to have a strong correlation between In the post-mortem management of carcasses, the "physiologic context" of the muscle include hypoxia and cooling. Regarding cooling, we showed that the carcases in cold chambers experience two cooling rates: The first (32 °C to 10 °C) near to -0.054°/min. The second, (10° to 2 °C), near to -0.015 °C/min. This study (Table 1 ) and other studies showed that AMPK activity, measured between 17-20 °C (room temperature) is 4 times higher in samples from carcasses with normal final pH than high final pH; and, the level of activity (in both categories) is the same at early (0,5 h) and after 24 h post-mortem (Apaoblaza et al, 2015) or is slightly higher (Jerez-Timaure et al 2019).
AMPK activation and pH decline, indicating that AMPK regulates glycolysis in
Here we showed that AMPK activity in post-mortem muscle is a parameter highly affected by the temperature of analysis, with maximal activity detected (both categories samples) at 17 °C (Figure 2 and 3) . Effectively, AMPK activity in normal samples (0.5 h) evaluated at 17 ° C was nearly 90% higher than when evaluated at 25 or 37 ° C (Figure 2A and Figure 3) . The same behaviour, although less pronounced, was observed from samples taken at 24 hours (near to 64%) ( Figure 2B ). We also showed that AMPK activity was totally suppressed when evaluation was carried out at 5 °C, a temperature that is reached approximately 12 hours from the entrance of carcasses to the cold chamber.
Interestingly, the optimal temperature (maximal AMPK activity) obtained in this study (17 °C) , coincided with room temperature range (17-20 °C) used in the initial evaluation of the samples from this study (Table 1) Newbold and Skopes (1967) pointed out that since the fall in pH is linearly related to lactate production, PFK and GP activities are reflected in final pH and can be assessed from changes in lactate or pH, and in hexose monophosphate concentration and total adenosine triphosphatase activity, respectively.
Those authors showed that PFK and GP activities before to 7 hour post-mortem, were not lower at 1 °C or 5 °C than at 15 °C; arguing that the decrease in metabolic rate expected as a result of lowering the temperature was counteracted by some factor(s) that accelerated the metabolism, as increase of GP step, evidenced by high hexose monophosphate concentration and high levels of AMP, a GP activator (Newbold and Skopes, 1967) .
Interestingly, the pH time-course in temperature function from this study, the authors showed that in the muscle samples maintained at 15 °C the ultimate pH (24-48-72 h) is lower than those maintained to 1 or 5 °C (near to 0.4 pH point at 24 h); and these differences begin from 7-8 hours (Newbold and Scopes, 1967) .
Here, and also in previous studies (Ramirez et al 2013; Galaz, 2015) , we observed that significant differences in the pH between both categories begin earlier than 7 hours, specifically 3 hours from the time that carcasses are put in the cold chamber, where the muscle temperature at this time is near to 20 °C (Figure 1) .
Based on the final pH results, and analyses derived from Newbold and Scopes (1967) , we argue that muscle samples from normal versus high pH, experience a more efficient and consistent glycogenolytic and glycolytic flow, from a higher initial glycogen reserve. This is because they already have a significant pH in delta at 3 hours, when the temperature is near to optimal temperature for AMPK activity This may be the reason that in the study of Newbold and Scopes (1967) , the sample muscles with similar initial conditions and maintained at 15 °C achieved a lower pH at 7, 24, 36 and 72 hours, than the samples muscles maintained at 1 °C and 5 ° C. Unfortunately, beyond the storage temperatures reported by Newbold and Scopes (1967) , the time-course of temperature of these muscle samples was not recorded.
A relevant aspect associated with carcasses cooling, is that temperature decline of muscle in cold chambers vary depending on anatomical location (i.e. deep v. superficial muscles), the weight and fatness of the carcass, and temperature and air-speed conditions during chilling (Ferguson and Gerrard, 2014) . Consequently, glycolytic rate varies not only between muscles, but also within a muscle (Tarrant and Mothersill 1977) .
Regarding the latter, Tarrant and Mothersill (1977) showed that the rate of glycolysis in four beef muscles was, on average, 64% faster when the measurement was taken at a depth of 8 cm in the muscle compared with 5 cm.
In this study, the authors point out the relationship between pH and in situ showed that glycogen inhibits purified AMPK in cell-free assays, by direct action of GBD, and that it varied according to the branching content of the glycogen.
Moreover, these authors showed that the oligosaccharides used, are allosteric inhibitors of AMPK that also inhibit phosphorylation and activation by upstream kinases, and suggesting that the GBD is a regulatory domain that allows AMPK to act as a glycogen sensor in vivo. Like the report of Polekhina et al. 2003, our results reveal that the enzymatic activity of AMPK was not affected by glycogen addition to sample homogenate from either of the two categories ( Figure 4 ). Effectively, with in vitro glycogen supplementation (60mmol / kg), we did not observe an inhibitory effect on AMPK activity, expected in samples with high initial and final activity. After supplementation reached more than double their initial concentration (136 mmol/kg), their activity remained unchanged. However, an activating effect was not observed, expected in the samples with low initial and final activity, which after supplementation reached a slightly higher concentration than the samples that showed high AMPK activity (76 mmol/kg).
Different results (final pH) were obtained in post-mortem pig muscle samples in which the high ultimate pH meat in oxidative muscle has been suggested to be caused by a lack of ante-mortem glycogen level. However, a recent study by England et al., 2016 showed that in the presence of excess glycogen and at 25°C, pig oxidative muscles produce a meat with a high final pH. These authors suggest that the porcine oxidative muscle (in vivo and in vitro) can and do stop postmortem pH decline in presence of excess glycogen.
Glycogen levels estimated by relative absorbance (Figure 5A and 5B) confirm a lower availability of the polymer under high final pH conditions; since the glucose mmol reported at the initial time, (0.5 hours) are practically reduced to zero after 24 hours. The above situation is not observed in conditions of normal final pH, since although there is a reduction in amount of the polymer, it is possible to quantify it after 24 hours and recover it after ethanol precipitation with absorbance delta near to 0.5 AU, decreasing greater than 50% of the initial polymer after 24 hours.
For their part, results obtained after glycogen scavenging in the presence of iodide suggest that under conditions of high pH there is a lower basal amount of glycogen that drops close to 50% after 24 hours. Under conditions of acidic pH, basal glycogen content is substantially higher than in alkaline conditions, being almost 4 times higher, decaying at a reduction rate of close to 75% in 24 hours.
In both conditions, there would be no abnormality in the type of polymer or the degree of ramifications thereof, behaving as a conventional glycogen and not as an amylopectin. This above suggests that phosphorylase and debranching activity operate correctly during the rigor mortis process and that observed muscle pH changes would not modulate these activities.
Our results give evidence that the post-mortem enzymatic activity of AMPK is conditioned by the metabolic context and signal transduction presents prior to animal slaughter. In the same context, Park et al. (2007) , using regression analysis (lean meat colour and pH at 24 h) concluded that cattle with lower pH at 1 hour post-mortem has a faster decline in pH and resulted in lower pH at 24 h.
In another work (Park et al., 2007) , results could be understood as the high pH cattle (i.e., DFD condition) were resulted from their own initial potentiality prior to slaughter. Interestingly, the mean of pH registered at three hours in the study of were 6.6 and 6.0 0.6 pH point) for DFD and normal condition, respectively. In this work the mean initial pH at 0.5 hours were 6.91 and 6.73 (0.18 pH point) for high and normal pH categories, respectively. This difference is slightly greater than that recorded in the study of Apaoblaza et al. (2015) with 6.87 and 6.76 (0.11 pH point) at 0.5 hours and for the same categories.
Here, we report that the maximal AMPK activity in post-mortem mammalian muscle occurred close to 17 °C but not at 25 °C or 37 ° C, for other hand we showed that AMPK activity is close zero at 5 ° C. Interesting, AMPK activity has been suggested as an adaptation to hypothermia in animals evolutionarily remote. Effectively, hypothermia in frogs increases the AMPK phosphorylation levels and AMPK activity (Bartrons et al., 2004; Storey, 2006) . Additionally, in sperm cells, we evaluated if pharmacological activation of AMPK improved the freezability of spermatozoa in stallions (Córdova et al., 2014) and showed that the AMPK in this cellular model did not respond to classical activators such as AMP, AICAR and metformin. We found that the AMPK activity in homogenate from stallion spermatozoa was 52% higher at 17 °C than at 5 °C (data non published) and we believe that the high cooling rates used in study of Thermo-sensibility and thermo-stability of AMPK activity in muscle and other tissues and cellular types are is a field of study that can open interesting windows for improve the cooling managing of post-mortem muscle and also in other possible applications as a organs transplants and cell preservation.
Conclusions
AMPK activity is highly sensitive to temperature, presenting maximum levels of activity at 17 °C and minimal levels at 5 ° C.
The in vitro excess of glycogen does not affect the enzymatic activity of AMPK in post-mortem cattle muscle.
Normal levels of pre-mortem muscle glycogen and AMPK activity determine the efficient glycolytic/glycolytic flow required for lactate accumulation and pH decline. 9) final pH evaluated at different temperatures in the cooling phase (5°, 17°, 25° and 37 °C at the 0.5 h). Two-way ANOVA and Bonferroni post-tests. Significant differences between categories (#, p<0.0001); between 17 °C and 25 °C or 37 °C, within categories (*, p<0.0001); between 17 °C and 5 °C, within categories (@. p<0.0001 and p<0.05, for normal and high final pH, respectively), n=6. 
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